One of the most urgent environmental issues of our time is to lower the concentration of greenhouse gases in the atmosphere by decreasing CO 2 emission. Carbon capture and storage has been introduced as an option in reducing these harmful CO 2 emissions. CO 2 separation from gas streams has been done using a variety of physical, chemical and biological technologies and methods. These technologies allow large-scale CO 2 separation in different industries including coal-fired power plants, refinery and fertilizer industries. Hence, this article reviews different separation methods, such as absorption, adsorption, and membrane-based separation. Other concepts, such as biological separation are also introduced.
Introduction
The carbon capture and storage (CSS) technology aims to isolate the generated CO2 from different sources to a form that is suitable for transport and subsequent storage. This method includes the removal of CO2 impurities during natural gas treatment and utilising in production of hydrogen, ammonia, and other industrial chemicals. Part of captured and purified CO2 is utilized in food processing plants, while almost all of captured CO2 is emitted to the atmosphere or stored in Deep Ocean. Various government and private-sector research programs have been funded in the United States and other countries to develop more costeffective methods of CO2 separation becauseCO2 separation is expensive, which accounts to 75% of the overall CCS cost [1] . Thus, a variety of CO2 capture techniques are being investigated to reduce cost [2] .Reducing CCS cost is the most important factor that will help this process becomes more widely used in the energy industry. Accordingly, the aim of this paper is to present an overview of CO2 separation systems that are available in power plants and industrial systems. In This paper the process of current methods of CO2 separation, namely, absorption, adsorption, membrane technology, and biological methods are briefly discussed and their technical challenges along with advantages and disadvantages are also defined.
CO 2 Separation Technologies
A variety of separation technologies to separate CO 2 from gas mixtures are commercially available. Figure1 shows the variety of technical approaches and different materials required for each method, except for the cryogenic separation technique. Technology selection, however, depends on the purity request of a product and the conditions of the gas stream being treated, such as CO 2 pressure, temperature, CO 2 concentration, and the type and level of trace species or impurities [3] .
Absorption
This method of separation is divided into two categories: physical absorption and chemical absorption. Most of commercial CO 2 capture plants use the chemical absorption process [4] . 
Physical Absorption
CO 2 removal via physical absorption is based on CO 2 solubility within the solvents; whereas CO 2 solubility depends on the partial pressure and the temperature of the feed gas. A higher CO 2 partial pressure and a lower temperature help raise CO 2 solubility in the solvents that are used as absorbents. The solvents are then regenerated either by heating or by pressure reduction. Physical absorption is deemed as a suitable process in removing acid gas (CO 2 and H 2 S) from natural gas and in removing CO 2 from synthesis gas, which is used in the production of hydrogen, ammonia, and methanol. The most important and wellstudied solvents are Selexol (dimethylether of polyethylene glycol) [6] , Rectisol process [7] propylene carbonate (Fluor process) and Purisol. Absorption is performed at high CO 2 partial pressures, and the main energy requirements originate from the flue gas pressurization. Hence, physical absorption cannot be considered as a cost-effective approach for gas streams with a CO 2 partial pressure lower than 15 vol% [8] .
Chemical Absorption
Chemical absorption can capture CO 2 even at low partial pressures of CO 2 . Hence, this method is preferred in the post-combustion capture of CO 2 in power plants. The selectivity of chemical absorption is relatively high; thus, a relatively pure CO 2 stream can be obtained. These factors make chemical absorption a suitable approach for CO 2 capture in an industrial scale.
Solvents
The ideal chemical solvent should have a high reactivity with CO 2 , high absorption capacity, low regeneration cost requirements, high thermal stability, reduced solvent degradation, low environmental impact, and low solvent costs [9] . Chemical solvents provide fast kinetics to allow capture from streams with low CO 2 partial pressure. In addition, wet-scrubbing allows good heat integration and ease of heat management (useful for exothermic absorption reactions). The amine-based scrubbing solvents monoethanol amine (MEA) [10] and ammonia solutions are two of the most important and well-studied solvents [11] . Using MEA as a solvent yields a higher CO 2 capture capability and lower energy consumption. However, these types of solvents have a number of weaknesses in thermodynamic properties, corrosivity and toxicity. In addition, a large amount of heat stream required for solvent regeneration de-rates the power plants significantly. Energy required to heat, cool and pump non-reactive carrier liquid (usually water) is often significant. Vacuum stripping can reduce regeneration steam requirements but is expensive. Multiple stages and recycle stream may be required when solvents are used. The typical energy penalty associated with the operation of the MEA capture process is estimated to be from15% to 37% of the net power output of a plant [12] . In addition to raising the operating costs, this method produces more CO 2 and decreases the overall benefit of sequestration [13] .Because of these problems , researchers try for new solvents such as new amine formulations (Piperazine), carbonates , blends of amines and carbonates as well as ionic liquids which have improved kinetics, low regeneration energy requirements as well as smaller equipment size. The most recent solvents that were treated using the MEA capture process are ionic liquids. Ionic liquids have many unique properties compared with other solvents, such as extremely low volatility, broad range of liquid temperature, high thermal and chemical stability, and tuneable physicochemical characteristics [14] .Thus, ionic liquids have been considered as potential substitute materials for CO 2 capture.
Solid Sorbents
CO 2 chemical adsorption using dry regenerable solid sorbents has been introduced as an innovative concept for CO 2 recovery to avoid the disadvantages of liquid sorbents, such as corrosion [15] . Generally, sorbents with very high surface area pore size and pore volume like mesoporous materials are suitable materials. Solid sorbents can be divided into two kinds, namely, amine-based sorbents and alkali (earth) metal-based sorbents such as CaO, Na 2 CO 3 and K 2 CO 3 [16] .One important advantage of amine-based sorbents compared with aqueous amines is their low heat requirement for regeneration. However, solid amine-based sorbents have poor mechanical properties and thermal stability [17] . The ability to operate at high temperatures is another advantage of solid sorbents over aqueous amines. Nonetheless, handling solids is generally easier than handling liquid-based systems. Operational conditions for different types of sorbents [18] , CO 2 capture potentiality of sorbents [19] , kinetic of CO 2 absorption in solid sorbents [20] are still relevant issues regarding to solid sorbents.
Membrane-Based Separation
Membranes have great potential in CO 2 /H 2 separation in pre-combustion capture [21] and post-combustion CO 2 /N 2 separation [22] using inorganic membranes and organic polymeric membranes. Membranes function as contacting devices between the gas stream and the liquid solvent. The parameter that determines performance and associated cost of these membrane-based technologies on a large scale CO 2 capture is mainly the membrane materials themselves. Membranes can either be organic (polymeric) [23] or inorganic (carbon, zeolite, ceramic, or metallic) and can be porous or non-porous [24] . The US Department of Energy (DOE) (2010) has reported fabrication of new polymer membrane materials that have excellent chemical stability to moisture and SO 2 and NO x contaminants and high selectivity as well as permeance to CO 2 . Membranes are suitable for high-CO 2 -concentration applications (if CO 2 partial pressure is above 20 vol %), such as flue gas streams from oxyfuel and integrated gasification combined cycle processes [25] . Membrane permeability (means flux of a specific gas through the membrane), chemical stability, and selectivity (means ability of the membrane to let one gas pass while blocking the other) as well as mechanical stability at high temperatures (>150 o C) determine membrane performance. Membranes can operate at high pressures and temperatures. Membrane technology has been useful in commercial CO 2 removal and gas purification in the production of hydrogen, but has not been applied in precombustion CO 2 capture. Compared to regenarable adsorption and absorption -based CO 2 capture approaches, membrane processes are more attractive because heat that required for releasing CO 2 from the spent sorbent or solvent does not cause any parasitic adsorption or absorption losses. Membrane technology is simple in operation and compact in size which is perfectly fitted in large scale CO 2 applications.
Adsorption
Adsorption is one of the most promising technologies for CO 2 capture and is applicable in an industrial scale in the post-combustion process [26] . In addition, the lower energy requirement compared to the absorption process and the low capital cost of adsorption help in the technical development of CO 2 capture and storage. In this process, molecules are captured on the solid surface of selective materials called adsorbent. A variety of adsorbents [27] can also be combined with a broad range of process options to optimize separation performance. In addition, the properties of the adsorbed particles including polarity, molecular size, and molecular weight as well as properties of the adsorbent surface, such as pore size and polarity, verify the quality of adsorption. Adsorption can be grouped in pressure sewing adsorption (PSA) which is performed at pressures higher than atmospheric pressure and vacuum sewing adsorption (VSA) which operates at ambient temperature and pressure.
There are numerous issues about adsorption processes including sorbent materials [28] , operating and design parameters of methods [29] , feed gas condition mainly impurities, temperature, pressure and concentration [30] . Since adsorption is an exothermic process, regeneration of adsorbent can be performed by changing temperature through temperature swing adsorption (TSA) and electric swing adsorption (ESA). Operating conditions of these methods have been investigated in order to decrease energy consumption of capture plants [31] . A lower energy requirement is also the advantage of adsorption over the absorption process [32] . In the pre-combustion process, CO 2 capture using adsorbents help increase the yields of H 2 .Adsorption is principally a physical process; thus, adsorbents, such as nanotubes, hydrotalcites (Mg/Al/Zr containing materials) [32] , carbon fibre monolithic adsorbents [34] , activated carbon fibre-phenolic resin composites [35] , melamine-formaldehyde highly porous adsorbents [36] , amine immobilize adsorbents and red mud [37] have been tested to improve the quality of CO 2 removal. Meanwhile carbon-based materials show outstanding stability compared with other adsorbents.
CO 2 Capture and Fixation through Algal Biomass Production
Strains of green algae grew fast at high CO 2 concentrations (generally higher than 50%) and in the presence of SO x and NO x [38] .CO 2 , SO x , and NO x are the common gas contaminants derived from fossil fuel combustion [39] . Exposure to high CO 2 concentrations increases the production of high-value biomolecules. In addition, the uses of closed systems are advantageous in CO 2 fixation. Green algae can also produce more H 2 through the biophotolysis process using solar energy [40] .The economical and energetic efficiency of the process can be maximized if alga species that have high CO 2 fixing and solar energy conversion efficiency are used. These species should also be able to convert solar energy into H 2 and produce a high amount of valuable biomolecules. In a practical H 2 production process, green algae are grown using solar energy and CO 2 fixation by photosynthesis. Afterwards, sulphur is removed from the algae. Photosynthesis is partly inactivated to use solar energy for H 2 production instead of building a biomass. Fixed CO 2 in agriculture is estimated to have 50 years to 100 years of retention time [41] . A CO 2 fixation efficiency of 260 mg l -1 h -1 has been obtained in the laboratory [42] , which would be equal to 26 Kg.h -1 CO 2 capture in a 100 m 3 bioreactor.
Conclusion
Carbon capture and storage (CCS) is the necessary technology to reduce harmful emission of CO 2 to the atmosphere. According to the literature, extensive studies have been done on CO 2 capture although CCS faced many challenges. Various technologies are capable of achieving a high efficiency CO 2 capture (>90%). CO 2 capture performance can be improved and achieve simultaneous removal of pollutants such as SO 2 , NO x . To achieve these goals, development of efficient technologies and optimization of reaction conditions are necessary. In addition, disadvantage of the existing capture approaches are their high cost per unit of power produced and their large energy requirements for CO 2 capture, which considerably contribute to their high cost. Despite of great attention to this technology, majority of researches for developing solvents, sorbents and membranes have remained in their early stages, while hold promise for a lower-cost CO 2 capture technology.
